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AB The complete three-dimensional structure of the bean seed storage 
protein phaseolin was generated from alpha-carbon coordinates by 
using molecular mechanic calculations. This structure was used as a 
template to simulate modifications aimed at increasing the 
methionine content of phaseolin. A hydrophilic, 

methionine-rich looping insert sequence was designed. Simulated 
mutagenesis shows that the insert might be accommodated in turn and loop 
regions of the protein, but not within an alpha-helix. 
Methionine content was also increased by the replacement of 
hydrophobic amino acids with methionine in the central ^ 
core beta-barrels of the phaseolin protein. Calculations 
indicated that methionine can effectively replace conserved or 
variant leucine, isoleucine, and valine residues. However, alanine 
residues were much more sensitive to substitution, and 
demonstrated high variability in the effects of methionine 
replacement. Introduction of multiple substitutions in the 
barrel interior demonstrated that the replaced residues could interact 
favorably to relieve local perturbations caused by individual 
substitutions. Molecular dynamics simulations were also utilized 
to study the structural organization of phaseolin. The calculations 
indicate that there are extensive packing interactions between the major 
domains of phaseolin, which have important implications for 
protein folding and stability. Since the proposed mutant 
proteins can be produced and studied, the results presented here 
provide an ideal test to determine if there is a correlation between the 



effects obtained by computer simulation and the effects of the mutations 
on the protein structure expressed in vivo. 
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Extensive modifications for methionine 
enhancement in the p-barrels do not alter the 
structural stability of the bean seed storage 
protein phaseolin. 
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Common beans are widely utilized as a food source, yet are low in the 
essential amino acid methionine. As an initial step to overcome 
this defect the methionine content of the primary bean seed 
storage protein phaseolin was increased by replacing 20 
evolutionarily variant hydrophobic residues with 
methionine and inserting short, methionine-rich 
sequences into turn and loop regions of the protein structure. 
Methionine enhancement ranged from 5 to 30 residues. An 
Escherichia coli expression system was developed to characterize the 
structural stability of the mutant proteins. Proteins 

of expected sizes were obtained for all constructs except for negative 

controls, which were rapidly degraded in E. coli. Thermal denaturation of 

the purified proteins demonstrated that both wild-type and 

mutant phaseolin proteins denatured reversibly at approximately 

61°C. In addition, urea denaturation experiments of the wild- type 

and a mutant protein (with 30 additional methionines) 

confirmed that the structural stability of the proteins was very 

similar. Remarkably, these results indicate that the phaseolin 

protein tolerates extensive modifications, including 2 0 

substitutions and two loop inserts for methionine 

enhancement in the (3-barrel and loop structures, with extremely small 
effects on protein stability. 
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Soybean [Glycine max (L.) Merr.] contains two proteins called vegetative 
storage proteins (VSPs) that function as temporary storage 
reserves, but are also closely related to plant acid 

phosphatases of the haloacid dehalogenase (HAD) superfamily. This study 
examined the biochem. basis for the relatively low catalytic activity 
previously reported for these VSPs. The specific activity of 
purified recombinant VSPa on GMP was about 40 -fold lower 

than for a related soybean root nodule acid phosphatase (APase) , which had 
a specific activity of 845 U mg-1 protein. Conversion of Serl06 to Asp 
increased VSPa activity about 20-fold. This Asp residue 
is present in nodule APase and is a highly conserved nucleophile in the 
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HAD superfamily. Related VSPs from cultivated soybean and from 

three wild perennial soybeans, as well as a pod storage protein (PSP) from 

Phaseolus vulgaris L. all lack the catalytic Asp, suggesting they too are 

catalytically inefficient. Phylogenetic anal, showed the VSPs 

and PSP are more closely related to each other than to 21 other 

VSP-like proteins from several plant species, all of 

which have the nucleophilic Asp. This study suggests that loss of 

catalytic activity may be a requirement for the VSPs and PSP to 

function as storage proteins in legumes. 
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AB Methods for altering amino acid composition of VSP are 
particularly to proteins whose three-dimensional struct 
The method comprises creating interacting mols. to the 
selecting for engineered proteins which retain the nati 
antibody binding assay. In this manner, the levels of 
acids in a protein can be increaseed yet the biol. acti 
maintained. Three VSP variants have been proposed and 
methionine of proteins can be increaseed about 10-20%, 
about 20-40% by using this method. 
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